Osteoarthritis (OA) affects elderly population worldwide and endoplasmic reticulum (ER) stress is known to be positively correlated with OA development. Previous reports prove the cytoprotective effects of baicalin on chondrocytes, whereas the mechanisms are hardly reported. Hence, we aimed to investigate the links between OA, ER stress, and baicalin. Chondrocytes from patients with OA were subjected to H 2 O 2 treatment with or without baicalin pretreatment, and cell viability was assessed via Cell Counting Kit-8. Messenger RNA (mRNA) amounts of apoptosis-related genes (Bax, Bcl-2, and Caspase-3), extracellular matrix (ECM)-related genes (Collange I, Collange II, Aggrecan, and Sox9) and ER stress hallmarks (binding immunoglobulin protein [BiP] C/EBP homologous protein [CHOP]) were evaluated via quantitative real-time PCR. Bax, Bcl-2, BiP, and CHOP protein levels were analyzed via Western blot. Baicalin suppressed the changes in cell viability and apoptosis-related gene expressions caused by H 2 O 2 . Reactive oxygen species and glutathione/oxidized glutathione assay showed that H 2 O 2 enhanced oxidative stress. Baicalin suppressed H 2 O 2 -induced downregulation of mRNA expression of ECM-related genes. Moreover, baicalin reduced H 2 O 2 -stimulated increase in oxidative stress and the expression of ER stress hallmarks. Endoplasmic reticulum stress inducer abolished the protective activities, whereas ER stress inhibitor did not exhibit extra protective effects. Baicalin pretreatment protected patient-derived chondrocytes from H 2 O 2 through ER stress inhibition.
Introduction
Osteoarthritis (OA), a prevalent degenerative disease, is often caused by heredity, aging, overweight, or other factors. [1] [2] [3] Chondrocyte loss and progressive cartilage degradation are proved to be the key features of OA. 4 Chondrocytes, the only cells in articular cartilage (AC), are in charge of maintaining the homeostasis of AC via modulating extracellular matrix (ECM) anabolism and catabolism. 5 Because of the positive relationship between the severity of OA and the degree of chondrocyte apoptosis, preventing chondrocyte apoptosis is regarded to be a powerful way to relieve OA.
Medication treatment is one of the common therapeutic strategies for OA. In recent year, traditional Chinese herbs have been demonstrated to possess high clinical value because of their powerful treatment effects and minimal general toxicity. Baicalin, a principal flavonoid mainly isolated from roots of Scutellaria baicalensis, has been proved to possess various functions, such as anti-inflammation, anti-infection, antitumor, and antioxidant activities. [6] [7] [8] [9] Moreover, increasing literature studies proved that baicalin administration had anti-OA roles. For example, Chen et al demonstrated that baicalin exhibited protective activities in both human OA chondrocytes and OA animal model. 1 Yang et al showed that baicalin protected CHON-001 cells from inflammation. 10 Pan et al indicated that oxidative stress was an important factor during OA progress and baicalin protected chondrocytes from oxidative stress caused via H 2 O 2 .
11 Nevertheless, the related mechanisms are still unclear.
Endoplasmic reticulum (ER) stress is known to have major effects during OA progress. Hence, we wonder whether the anti-OA activities of baicalin are mediated by decreasing ER stress. To answer the above question, chondrocytes from patients with OA were treated via H 2 O 2 with or without baicalin pretreatment. Chondrocyte viability, reactive oxygen species (ROS) level, glutathione/oxidized glutathione (GSH/ GSSG) ratio, expressions of apoptosis-related genes (Bax, Bcl-2, and Caspase-3) and ER stress hallmarks (binding immunoglobulin protein, BiP; and C/EBP homologous protein, CHOP), and messenger RNA (mRNA) levels of ECM-related genes (Collange I, Collange II, Aggrecan, and Sox9) were analyzed. To our delight, baicalin has cytoprotective effects on H 2 O 2 -treated human OA chondrocytes, which was consistent with previous literature studies. Moreover, the above experiment data also suggested that baicalin's protection may be linked to the suppression of ER stress. Subsequently, tauroursodeoxycholic acid dihydrate (TUDCA) or tunicamycin (Tm), the inhibitor and inducer of ER stress, was used in combination with baicalin before H 2 O 2 treatment. Cell Counting Kit-8 (CCK-8) and Western blot assay further confirmed the direct suppressive activities of baicalin against ER stress.
Methods and Materials

Ethical Statement
The experimental protocols were approved by the Ethics Committee of Tianjin Hospital. Cartilages of patients with OA were collected after knee replacement surgery and all patients provided informed written consent.
Osteoarthritis Patient-Derived Chondrocyte Culture
The culture of human OA chondrocytes was performed via a previously reported method. 12 We subdivided chondrocytes into 5 groups: control group, H 2 O 2 group (incubation with 0.5 mM H 2 O 2 for 4 hours at day 4), H 2 O 2 þ baicalin group (pretreatment via 100 mM baicalin for 1 day before H 2 O 2 administration), H 2 O 2 þ baicalin þ Tm group (pretreatment with 2.5 mg/mL Tm and 100 mM baicalin for 1 day before H 2 O 2 treatment) and H 2 O 2 þ baicalin þ TUDCA group (pretreatment with 100 mM TUDCA and 100 mM baicalin for 1 day before H 2 O 2 treatment).
Western Blot
Primary antibodies against Bax, Bcl-2, BiP, and CHOP were bought from Abcam(Cambridge, MA). Chondrocytes were lysed via Radio-Immunoprecipitation Assay lysis buffer. After being centrifuged, proteins were quantified and then subjected to sodium salt-polyacrylamide gel electrophoresis. After blocking, membranes were immunoblotted via primary antibodies, followed by the 2-hour incubation via horse radish peroxidase-conjugated secondary antibodies. Membranes were analyzed via enhanced chemiluminescence detection reagents.
Oxidative Stress Assessment
Reactive oxygen species level of chondrocytes was analyzed via 2,7-Dichlorodi -hydrofluorescein diacetate, and GSH/ GSSG assay kit (Byotime) was employed to examine the GSH/GSSG ratio.
Quantitative Real-Time PCR 
Statistical Analysis
Results were presented as means (SD). All analyses were conducted via SPSS software 12.0 and significant differences between treatment groups were examined via 1-way analysis of variance analysis. P < .05 was regarded statistically significant.
Results
Dose Response of Baicalin on Cell Survival
Chondrocytes were subjected to the indicated concentrations of H 2 O 2 for 4 hours. Figure 1A indicated that H 2 O 2 dose dependently restricted chondrocyte viability. Moreover, the survival rate of chondrocytes in 0.5 mM H 2 O 2 group decreased by *53.57% in comparison to the control, which suggested that 0.5 mM H 2 O 2 had an extremely significant cytotoxicity ( Figure 1A ; P < .001). At 0.7, 1, and 1.5 mM H 2 O 2 , the cell survival rate was reduced by 60.7%, 71.4%, and 85.7% in comparison with the control, respectively ( Figure 1A ; P < .001). On the other hand, chondrocytes were incubated via 10 to 500 mM baicalin for 1 day, and Figure 1B showed that 10 to 100 mM baicalin exhibited little influence on cell viability, whereas 150 mM (P < .05), 200 mM (P < .01), or 500 mM (P < .001) baicalin significantly inhibited the viability of chondrocytes. Hence, 0.5 mM H 2 O 2 and 100 mM baicalin were chosen for further analysis.
Baicalin Decreased Oxidative Stress After H 2 O 2 Treatment
To analyze the effects of baicalin on H 2 O 2 -treated chondrocytes, chondrocytes were treated with 100 mM baicalin for 2 hours, followed by a 4-hour incubation of 0.5 mM H 2 O 2 . Figure 2A showed that the ROS level in H 2 O 2 group was increased by 221.42% (P < .01) in comparison with the control, whereas baicalin pretreatment decreased the ROS level to 55.56% in comparison to the H 2 O 2 group (P < .05).
In addition, Figure 2B demonstrated that H 2 O 2 decreased the GSH/GSSG ratio to 10%, compared to the control group (P < .001). However, baicalin partially recovered the decrease of GSH/GSSG ratio induced by H 2 O 2 treatment ( Figure 2B ; P < .05).
Baicalin Pretreatment Improved Chondrocyte Viability and Restricted Cell Apoptosis Under H 2 O 2 Treatment
CCK-8 assay showed that H 2 O 2 treatment inhibited cell viability to 47.5% compared to the control ( Figure 3A ; P < .001), whereas Figure 3A also showed that baicalin significantly improved the viability of chondrocytes to 142.31%, compared to the H 2 O 2 group (P < .05). In the other hand, quantitative realtime PCR (qPCR) indicated that H 2 O 2 improved the messenger RNA (mRNA) expression of Bax ( Figure 3B ; P < .001) and Caspase-3 ( Figure 3C ; P < .001) and inhibited Bcl-2 mRNA expression ( Figure 3D ; P < .001), whereas baicalin inhibited these phenomena (Figure 3B-D; P < .05, P < .01, and P < .01 Figure 5A and B showed that H 2 O 2 increased BiP and CHOP mRNA level to 520% and 600% in comparison to the control group, respectively. However, BiP and CHOP mRNA levels in H 2 O 2 þ baicalin group are much lower than those in the H 2 O 2 group (Figure 5A and B; P < .01). In addition, Figure 5C to E indicated that baicalin suppressed H 2 O 2 -stimulated increase in BiP (P < .01) and CHOP (P < .001) protein expression.
Baicalin Pretreatment Reduced H 2 O 2 -Mediated ER Stress
Baicalin Protected Human OA Chondrocytes From H 2 O 2 Stress by Inhibiting ER Stress
To investigate the correlation between the protective effect of baicalin and ER stress change, TUDCA, or Tm was employed in combination with baicalin before H 2 O 2 administration and cell viability, and the expression of ER stress hallmarks were analyzed. Figure 6A indicated that Tm significantly abolished baicalin's protection on the viability of chondrocytes (P < .05), whereas the viability of chondrocytes in the H 2 O 2 þ baicalin þ TUDCA group had no significant change compared with those in the H 2 O 2 þ baicalin group. In addition, Figure 6B -D proved that Tm significantly abolished baicalin-induced decrease in BiP (P < .05) and CHOP (P < .01) expression, whereas baicalin plus TUDCA didn't exhibit extra activities on BiP and CHOP expression in comparison with baicalin alone. Hence, these data implied that baicalin protected chondrocytes from H 2 O 2 through ER stress attenuation. 
Discussion
Osteoarthritis is a progressive disorder of bones and joints linked to intricate mechanisms which involve subchondral bone sclerosis and the degradation of AC. Baicalin is a welldocumented natural compound that has therapeutic effects on various diseases, such as autoimmune diseases, obesity, stomach disease, brain injury, neurodegenerative disease, and so on. [13] [14] [15] [16] [17] Moreover, baicalin has been proved to have anti-OA activities in vivo and in vitro. 1 To get more information about the related mechanisms of baicalin's anti-OA roles, chondrocytes derived from patients with OA were treated via 0.5 mM H 2 O 2 to mimic OA and we found that baicalin protected human OA chondrocytes against the cytotoxicity of H 2 O 2 through abrogating the inhibition of chondrocyte viability and inhibiting H 2 O 2 -mediated expression change of apoptosisassociated gene (Bcl-2, Bax, and Caspase-3). In addition, the activities of baicalin on chondrocytes were further explored through the assessment of mRNA abundances of ECMrelated genes, such as Collange I, Collange II, Aggrecan, and Sox9. Quantitative real-time PCR data demonstrated that baicalin administration partially attenuated the decrease in the expression of the above ECM-related genes, which suggested that baicalin may also have important roles in cartilage matrix deposition.
Oxidative stress caused by H 2 O 2 administration is known to generate the initial injury to chondrocytes. The measurement of ROS level and GSH/GSSG ratio indicated that baicalin administration reduced the increase in intracellular oxidative stress of H 2 O 2 -treated chondrocytes, as shown by decreased ROS level and increased GSH/GSSG ratio. On the other hand, it is generally accepted that oxidative stress is one of the primary factors which can lead to ER stress. 18, 19 Moreover, increasing reports proved that ER stress in chondrocytes exists in the AC of patients with OA, and there was a positive relationship between ER stress and the apoptosis of chondrocytes. 20, 21 Endoplasmic reticulum is an important organelle involved in protein synthesis, modification, and secretion. 22 Physiological or pathological processes, which lead to the misfolded/ unfolded protein accumulation in the ER, are known as ER stress. 23 Previous reports demonstrate that the anti-OA effects of several naturally occurring products are directly linked with the attenuation of ER stress. For example, panax quinquefolium saponin suppressed ER stress-induced apoptosis of chondrocytes and then alleviated OA development in OA rats. 24 Taurine had cytoprotective effects on H 2 O 2 -stimulated chondrocytes via suppressing ER stress. 12 5,7,3 0 ,4 0 -tetramethoxyflavone had chondroprotective roles via blocking ER stress-mediated apoptosis. 25 Moreover, recent studies already proved the regulatory activities of baicalin on ER's function. For instance, baicalin suppressed ER stress mediated by H 2 O 2 and subsequently exhibited cytoprotective effects on HK-2 cells. 22 Therefore, we wondered if baicalin's protection was associated with ER stress attenuation.
Here, qPCR and Western blot were used to assess BiP and CHOP expression, and the results indicated that baicalin pretreatment significantly restricted H 2 O 2 -stimulated BiP and CHOP expression. BiP (also called GRP78) 26 is a representative intra-ER chaperone. 27 It is generally believed that BiP expression level is positively associated with the degree of ER stress. 27 Nugent et al showed that GRP78 expression was enhanced in cartilages of patients with advanced OA, whereas GRP78 expression wasn't detected in non-OA cartilage. 28 CHOP, also called GADD153, is an indicator of ER stressinduced apoptosis. Previous studies show that downregulation of CHOP expression inhibits cell apoptosis, whereas elevated CHOP expression fosters apoptosis. 29, 30 Therefore, the above data implied that baicalin may attenuate ER stress in human OA chondrocytes.
Furthermore, Tm and TUDCA were employed to examine the protective roles of baicalin against ER stress. Tm, an effective ER stress inducer, is an antibiotic which can specifically suppress the synthesis of N-linked glycans and subsequently lead to misfolding of proteins. 31 Tauroursodeoxycholic acid dihydrate, a powerful ER stress inhibitor, could effectively attenuate ER stress and restrict cell apoptosis. 32, 33 The data showed that Tm significantly abolished baicalin-mediated protection, as shown by decreased cell viability and enhanced Bip and CHOP expression. In addition, baicalin plus TUDCA didn't exhibit enhanced protective activities compared to baicalin alone, suggesting that baicalin treatment effectively relived H 2 O 2 -stimulated ER stress. Taken together, the above results proved that baicalin administration conferred protection against H 2 O 2 via attenuating ER stress.
There are 2 main limitations in the current study. First, the conclusions were drawn based on the in vitro results. Although the cells derived from the patients could mimic the pathological condition to some extent, this is not exactly the same with the pathological condition in the OA. Second, H 2 O 2 treatment was used to cause oxidative stress to the cells in the current study, which differs from the real physiological or pathological condition as well.
In summary, the current study showed that baicalin protected human OA chondrocytes from H 2 O 2 -stimulated cytotoxicity through attenuating ER stress, as shown by enhanced cell viability, the downregulation of Bax, Caspase-3, and ER stress markers, and the upregulation of Bcl-2 and ECM-related genes. Therefore, our findings suggested that baicalin may be an effective therapeutic medicine for relieving the impairment of cartilage caused by OA. On the other hand, Zhang et al demonstrated that baicalin ameliorated ER stress via the TXNIP/NLRP3 pathway in hepatocytes. 34 According to Yu et al, baicalin fostered ER-stress-mediated apoptosis via the activation of the ATF6 signaling pathway in hepatocellular carcinoma cells. 35 However, baicalin's target in human OA chondrocytes still needs to be further explored.
Conclusions
We found that baicalin protected human OA chondrocytes from H 2 O 2 via attenuating ER stress.
